ABSTRACT: Cross-community congruence patterns of species diversity metrics and community similarity between macrobenthic infauna, epibenthic megafauna, demersal fish and microzooplankton ciliates were studied in 6 areas in the Eastern Mediterranean. These species-rich communities, cooccurring in space and time, were intensively sampled during 2 cruises, in seasons reflecting different levels of subtle anthropogenic stress. Comparisons of patterns showed high positive correlation of similarities in community structure between macrofauna and megafauna, megafauna and fish and fish and microzooplankton. However, the employed diversity metrics varied between communities, occasionally showing negative correlations. We suggest that the species composition and diversity of these communities reflect different environmental gradients and sources of heterogeneity, and therefore none of them can be used as a surrogate for ecosystem biodiversity in the context of marine conservation planning.
INTRODUCTION
wrote that, 'Diversities have to be computed in segments of the ecosystem. One soon gets the impression that total diversity is almost mythical but that diversity of the ecosystem is reflected with little distortion at several levels, so that if the diversity of phytoplankton is high the diversity of zooplankton and even of pelagic fishes is high also. It is not an exaggeration to say that a look at the fish market allows a first estimate of the diversity of the plankton populations living in the same water'. This is an incisive expression and probably one of the earliest enouncements of the hypothesis that surrogates could be used as a means of assessing biodiversity. During the last decade this statement has been reinvented, restated, and used and tested by several authors since the conceptually straightforward task of managing biodiversity is in practice a difficult proposition (MacNally et al. 2002) . Flagship, umbrella, and indicator taxa are some of the surrogates suggested for meeting conservation objectives by using single or several species instead of whole biotas, and whichever taxon is used, it is meant to be a surrogate representative of patterns of biodiversity across the study domain (MacNally et al. 2002) . The published scientific literature on surrogates includes quite an extensive list of papers from different areas and terrestrial ecosystem types (e.g. Louette & Bijnens 1995 , Faith & Walker 1996 , Lawton et al. 1998 , Simberloff 1998 , Kitching et al. 2000 , Andelman & Fagan 2000 and a few dealing with the marine environment and particularly with intertidal rocky shores (Gladstone 2002 , Gladstone & Davis 2003 . However, the use of surrogate taxa in conservation planning has become suspect, as recent evidence suggests that the correlation of species richness and coincidence of diversity 'hotspots' between pairs of taxa is highly variable and may be dependent on the spatial scale examined (Su et al. 2004 and references therein). Few researchers have directly compared patterns of crosstaxon congruency in species richness and community composition, and most of the approaches used have not addressed the congruency of community composition or beta diversity per se (Lawton et al. 1998 , MacNally et al. 2002 , Su et al. 2004 ; further, all of them come from the terrestrial environment.
According to Giller et al. (2004) , when compared to terrestrial systems, aquatic ecosystems are characterised by greater propagule and material exchange, often steeper physical and chemical gradients, more rapid biological processes and, in marine systems, higher metazoan phylogenetic diversity. These characteristics limit the potential to transfer conclusions derived from terrestrial experiments to aquatic ecosystems, whilst they do provide opportunities for testing the general validity of hypotheses about effects of biodiversity on ecosystem functioning. Furthermore, at present there is a large difference between the spatial scales on which marine biodiversity mapping is possible and the scales at which management decisions need to be made (Olsgard et al. 2003) . Authors of many papers discussing progress in research on spatial patterns in taxonomic diversity and/or effects of biodiversity on ecosystem function (e.g. Gaston & Williams 1996 , Gray 2000 , Hooper et al. 2005 ) have expressed their reservation as to whether the knowledge gained from the research in terrestrial ecosystems is also applicable to marine ecosystems.
According to the definition of Krebs (2001) , a community is 'any assemblage of populations of living organisms in a prescribed area or habitat'. However, the scientist rarely has the chance of registering all the species in a community or even to sample all the biota, particularly so in the case of marine ecosystems, where remote sampling is the rule. Due to practical shortcomings, species richness more often than not refers to a single taxon, since taxonomic expertise is usually limited to specialisation in a single taxon (Gray 2000) . Different sampling methods (e.g. grabs, dredges, trawls) and sample processing configurations (e.g. sieving) provide different data sets which do not necessarily lead to identical results. Olsgard & Somerfield (2000) and Olsgard et al. (2003) have tested the potential for using 'sub-community' surrogates such as polychaetes to assess the overall diversity and community structure of the macrobenthos. In a few more cases, more than one marine community has been studied and results have been compared (Warwick & Clarke 1991 , Callaway et al. 2002 , Lovell & Trego 2003 , Hillebrand 2004 , Irigoien et al. 2004 , Kaiser et al. 2004 ) in the particular context of each paper. However, it is still unknown whether a wide range of marine communities from infaunal invertebrates to demersal fish and plankton organisms, co-occurring in space and time, interacting in various ways and at various levels, depending on the same primary production and subject to varying degrees to local disturbance provide similar or different patterns in community structure and species diversity. Furthermore, it has recently been shown (Moustakas & Karakassis 2005 ) that aquatic and marine biodiversity research is biased in terms of geographic distribution and taxa studied. This lack of knowledge is a major impediment in the planning of protected marine areas, and particularly so in the case of marine ecosystems with soft sediment seabeds which constitute the largest single ecosystem on earth in terms of spatial coverage (Snelgrove et al. 1997) .
The aim of the present paper was to compare univariate and multivariate patterns obtained through the analysis of different marine communities which were not subject to severe environmental pressures such as anoxia or intense physical disturbance. To this end, during 2 cruises, 6 coastal areas in the eastern Mediterranean were sampled for macrobenthic infauna, epibenthic megafauna, demersal ichthyofauna and microzooplankton ciliates. The comparison involved different diversity metrics as well as community structure similarities between all possible pairs of communities. To our knowledge this is the first attempt to carry out such comparisons in the marine environment.
MATERIALS AND METHODS
The study areas. Macrofauna, megafauna, fish fauna and plankton ciliates were sampled at 3 islands of the Aegean archipelago (Evia, Lesvos and Chios Islands) in the eastern Mediterranean basin. In each region, one sub-area under moderate anthropogenic pressure (i.e. near a zone of fish farming activity) was sampled, as well as one sub-area far away from these zones and any other source of land based anthropogenic pressure (hereafter referred to as 'reference site'). The location near the fish farming zones was no less than 2 nautical miles (n mile) from the nearest farm since the aim of the survey was to assess the potential meso-scale effects and not the well known effects on communities found in the immediate vicinity of the farms (Weston 1990 , Karakassis et al. 1999 , 2000 . Sampling was carried out during May 2001 and September 2002, the former before the closed period for trawling in Greece and during the reproduction period for most of the commercial fish species (Stergiou et al. 1997) , while the latter took place before the open period for trawling and during the recruitment period for most of the fish species. Reference sites had comparable topography, depth (70 to 80 m) and an average distance of 20 n miles from the respective fish farm sites. In all 6 sites the substrates were mud and sand mixed with maerl in different ratios. For data analysis, the substrates with more than 40% silt and clay were classified as 'fine' and the others as 'coarse'. Thus, the benthic environment is typical of the fishing grounds exploited in the Mediterranean, and half of the areas were subject to subtle nutrient enrichment from the adjacent fish farming zones as was shown by Pitta et al. (2005) . Machias et al. (2005) have provided results on the effects of fish farming zones on fish biomass and included maps of the areas studied.
Sampling design. During each sampling survey, fish fauna were sampled with 3 replicate hauls at each site using an otter trawl with a cod-end bag liner of 28 mm stretched mesh size. The haul duration ranged between 40 and 45 min with towing speeds between 2.8 and 3 knots. The door spread of the trawl net was calculated for each haul based on the method of Carrothers (1980) . In total, 36 hauls were carried out for fish fauna collection during both seasons.
Megafauna was also sampled taking 3 replicate hauls at the same sampling stations during each sampling cruise by means of an Agassiz beam trawl, considered the best method for collecting sparsely distributed megafauna. The 2 m beam Agassiz trawl was fitted with a 10 mm mesh bag liner, the tow duration was fixed at 30 min and the towing speed was kept to approximately 1.5 knots. DGPS positions, along with speed and depth, were noted every 5 min while the Agassiz was on the bottom.
Macrofauna was collected with a Smith-McIntyre grab (0.1 m 2 ), taking at each sub-region and during each survey 10 replicates, randomly distributed over the entire area covered by the above mentioned towed gear.
Plankton ciliates were collected by means of Niskin bottles at 3 sampling stations at each sub-region and during each survey covering the area sampled by the benthic samplers.
Sample processing. Fish specimens and megafauna were identified on board the RV 'Philia'. All macrofauna samples were sieved in situ through a 500 µm mesh and the retained sediment containing the macrofauna organisms was preserved in 10% buffered formalin. Samples were sorted by hand into major groups, and specimens were identified to species level. Samples for microzooplankton (20 to 200 µm) identification and enumeration were preserved with acid Lugol's solution. After 24 h sedimentation in 100 ml cylinders, the samples were observed under an inverted microscope (Olympus IX-70) according to Utermöhl (1958) . Ciliates were identified to species or genus level.
Data analysis.
To compare similarities in patterns between different communities, abundance was calculated for each community by averaging all replicates taken during one season in each of the 6 areas and therefore, for each community the data set contained 12 points (6 areas × 2 seasons). Various diversity metrics were calculated: number of species per station (S), Margalef's index of species richness (d), Pielou's evenness (J '), the log 2 Shannon-Wiener species diversity index (H'), Simpson's dominance (λ) as well as the new 'biodiversity indices' (Δ*, Δ+, Λ+) based on taxonomic distinctness (Warwick & Clarke 1995 , Clarke & Warwick 1998 . Multivariate analysis of samples taken in each community involved the use of the Bray-Curtis similarity index on 4th root transformed data. All of these analyses were carried out using PRIMER-5 software (Clarke & Warwick 1994 ). Comparisons of multivariate patterns between different communities were carried out by means of analysis of correlation between similarity matrices, using the method described in Somerfield & Clarke (1995) . The non-parametric Spearman rank correlation coefficient was used for all correlations between variables.
RESULTS
The analysis of samples yielded 438 macrobenthic species, 206 megafaunal species, 83 fish species and 102 species of microplankton ciliates. The multidimensional scaling results for all different communities (Fig. 1) showed that different factors were responsible for the clusters formed in each plot. Fish and ciliates clearly formed clusters according to the sampling season, whereas macrofauna and megafauna stations clustered in response to sediment type rather than any other factor. The silty sediment sites (EN, LF and XN) formed distinct clusters comprising samples from both sampling seasons. On the other hand, proximity to the fish farming zones (marked with N for near or F for far in Fig. 1 ) did not seem to affect the species composition in any of the communities examined in this paper.
The comparison of Bray-Curtis similarities (Fig. 2) between all different pairs of communities revealed only positive relationships, although the ranges of similarity varied considerably between the different communities investigated. Megafauna showed the widest range in terms of similarity between different areas and seasons (11 to 66%) with an average similarity of 36% between all possible pairs of samples. At the other end of the scale, microplankton ciliates showed the narrowest range (62 to 85%) with an average of 73%.
The comparison between multivariate patterns obtained for different communities (Table 1) showed that there were highly significant positive similarities (p < 0.0001) between macrofauna and megafauna, between fish fauna and microplankton ciliates, as well as between fish and megafauna (at p < 0.05), whereas none of the other 3 comparison pairs showed any significant results. The overall comparison between similarity patterns can be seen in a second-stage ordination plot (Fig. 3) showing that the macrofauna and the megafauna were the communities closest to each other in terms of similarity patterns, whereas the community of ciliates is quite different and the fish community is at an intermediate position.
In total, 48 comparisons were carried out between all different pairs of communities and for 8 diversity metrics (Table 2) . These comparisons showed only sporadic similarities between communities (9 in total), occasionally showing inverse patterns. It is worth noting that the pairs of communities showing highly significant correlations in multivariate patterns of com- munity structure, such as fish-ciliates and megafauna-fish, showed no correlation in terms of any diversity metric, whereas most of the significant correlations were found in the case of macrofauna and fish; 2 of them (total number of species in the samples and Margalef d) presenting negative correlations and 2 distinctly positive ones (Δ* and Δ+).
DISCUSSION
Numerous papers have investigated the correlation between community structure or diversity and environmental gradients, particularly after Field et al. (1982) demonstrated the practical use of multivariate tools in the analysis of multispecies marine communities. Various studies (>1500 by May 2004) have identified responses of inter alia macrofauna, megafauna, fish or plankton community structure to environmental gradients such as depth, pollution, physical disturbance and many others, depending on the context of each study and the environmental variables investigated (PRIMER-E 2004, www.pml.ac .uk/primer/ primary-papers.htm). However, de-spite the fact that these communities often co-occur in space and time, they are not all equally sensitive to the same environmental stimuli and anthropogenic disturbance. Our results indicate that not all marine communities showed similar multivariate patterns in terms of species abundance data in the spatio-temporal scales investigated. Half the pairwise comparisons showed no significant correlation and therefore it seems that there is no overall pattern that could be seen in all the biota in the ecosystem. On the other hand, there were some significant correlations between pairs of communities: (1) macrofauna and epibenthic megafauna, which share a close affinity to the sediment type and therefore the multivariate analysis showed clusters in response to this environmental attribute; (2) megafauna and fish which (at least in part) share food resources and are both affected by trawling activities (Jennings et al. 2001) ; and (3) fish and ciliates which are both affected more than the other 2 communities by water characteristics and seasonal processes, as shown by the analysis of multivariate patterns.
A similar study in the terrestrial environment (Sue et al. 2004 ) involving all possible comparisons among birds, butterflies and vascular plants in montane meadow habitats showed significantly positive correlations between all different pairs. However, another terrestrial study by MacNally et al. (2002) investigating conformity between tree species, birds, mammals, reptiles, terrestrial invertebrates, and nocturnal flying insects, showed that less than half of the biotic element -ecological vegetation class pairings were coherent. It is expected that this type of comparison of community similarities depends greatly on the scale (Prendergast & Eversham 1997) and the strength of the gradients involved. For instance, similarities of communities coming from different bio-geographic areas are likely to yield very high values of correlation coefficients just because these reflect changes in species pools of all different types of biota. Steep gradients due for instance to increased anthropogenic stress could also result in high similarities of patterns. However, in cases of subtle effects (as in the present study) where natural gradients are driving the community structure, it is unlikely that all biota will conform to the same pattern. This is probably the situation when choosing an area for a marine reserve, where all the options are expected to be in the same region and not subject to high levels of stress by pre-existing anthropogenic activities. As shown by Machias et al. (2005) and Pitta et al. (2005) neither fish farming activity nor fisheries disturbance could explain the variability in the community structure among the sites they investigated, and therefore it would be reasonable to assume that all these sites are probably as 'pristine' as any other in the Aegean archipelago given their distance from the fish farming zones and the relatively small size of the fishing industry. None of the species diversity metrics used in our study showed consistent results for all the communities investigated, this has also been found in many other studies (Olsgard et al. 2003 , Su et al. 2004 , and references therein). It seems this was also the case with the recently introduced taxonomic distinctness related measures (Warwick & Clarke 1995 , Clarke & Warwick 1998 , which are designed to take into account the phylogenetic set up of the species and not only species numbers, despite the fact that these measures are sample size independent and have been shown to work remarkably well in many different communities (e.g. Rogers et al. 1999 , Warwick et al. 2002 , particularly in detecting environmental stress gradients. It is no surprise that some of these metrics showed similar behaviour in detecting (or not) correlation among pairs of communities. For instance the number of species (S) and Margalef's d are very similar (d is simply S-1 divided by the logarithm of abundance), Shannon index (H') is also used in the numerator for the calculation of evenness (J') and Δ* and Δ + are both expressions of taxonomic distinctness.
The different results obtained for the same pair of communities from the comparisons of multivariate patterns and the comparisons of diversity metrics are not a paradox. Patterns of community structure and diversity are responses to environmental gradients, stress and/ or habitat heterogeneity which are factors operating at various spatio-temporal scales. The mechanisms generating observed patterns in taxonomic diversity remain contentious for several reasons (Gaston & Williams 1996) , such as the difficulty to assess the importance of multiple contributing factors which often co-vary in space, the difficulty to integrate mechanisms operating on ecological and evolutionary time scales, and the difficulty to quantify the role of history. Warwick & Clarke (1991) have also shown that multivariate patterns of meiofauna correlated to those of macrofauna whereas neither diversity indices nor graphical/distributional methods showed any common pattern between the 2 communities. The communities investigated in the present study vary in terms of size, feeding mode, mobility, behaviour and reproduction. Due to these differences, they are likely to differ in sensitivity to stress and to show variable responses to environmental gradients. As has recently been shown in some coastal systems (Worm et al. 2002) , the effects of consumers and nutrients on diversity consistently depend on each other, and the direction of their effects and peak diversity shift between sites of low and high productivity. Also, as this is a case of communities linked with predator-prey interactions, it is possible that the effects of disturbing the higher trophic levels (fish) are likely to cascade down the lower trophic levels as shown by Worm & Myers (2003) for open sea ecosystems.
In cases such as monitoring of pollution and other types of anthropogenic stress, macrofauna and the associated surrogates can be very useful as has been shown in many studies for different types of effects (Warwick 1988 , Olsgard et al. 1997 , Dauvin et al. 2003 . In this particular context, monitoring is designed to detect, for instance, the spatial extent of disturbance using community structure and diversity as a sensitive tool. Although other indicators and methods such as sediment profiling imagery (Karakassis et al 2002) or even total organic carbon (Hyland et al. 2005) can also serve this purpose up to a point, the use of macrobenthos has been established as a monitoring tool for decades despite the high cost. However, in the case of biodiversity studies, for example, mapping or monitoring biodiversity and conservation planning (e.g. site selection for marine reserves), biodiversity assessment is not just a tool but the objective of the study. In this case, the use of surrogates could be questionable (or even meaningless) since the pieces of the puzzle do not necessarily reflect the 'entire picture' of local biodiversity. 
